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Lower respiratory disease (LRD) with obstructive sym-
ptoms (i.e. asthma and wheezing bronchitis) is one of the
most common causes of hospitalization in early childhood
[1]. Obstructive LRD in infancy is associated with asthma
in childhood [2]. The occurrence of childhood asthma and
hospital admissions for obstructive respiratory disease has
been reported to increase in many Western countries dur-
ing recent decades [3–5], although, the evidence is not
consistent [6].

A number of risk factors for obstructive LRD besides
heredity have been identified in children, such as viral
infections [7–9], environmental tobacco smoke [10–14],
damp and cramped housing [15–17] and socio-economic
factors [18], whereas breast-feeding seems to be protec-
tive [19–22].

In this study we report time trends and geographic
differences in rates of first time hospitalization for LRD
among infants in Stockholm County during a period of 20
yrs. In addition, data were obtained on some risk factors
for LRD in children, such as respiratory syncytial virus
(RSV) infections.

Methods

Children aged <5 yrs who had been admitted for the
first time to any hospital in the county of Stockholm with
diagnoses consistent with LRD during 1973–1992 were
identified from the hospital discharge register of the
Stock-holm County Council. This is a computerized regis-
ter containing all hospital admissions in Stockholm
County. An individual identification number was used to
identify the persons in this register. Until 1986 the diag-
noses includ- ed bronchial asthma, bronchiolitis, obstruc-
tive bronchitis and viral pneumonia according to the
International Classification of Disease (ICD)-8: 466,
470.00, 480.00, 490.99 and 493.00. From 1987 ICD-9 was
used: 466, 480, 490 and 493. The population register of
Stockholm County provided information for estimation of
the population at risk. The population of Stockholm
County was 1.48 million in 1970 and 1.67 million in Janu-
ary 1993 with a gradual increase of the population aged <5
yrs from around 90,000 at the beginning of the 1980s to
117,452 at the end of the study period.
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ABSTRACT: Lower respiratory disease (LRD) is a common cause of hospitalization
in infants, and episodes of obstructive LRD increase the risk for asthma later in life.
The purpose of this study was to assess time trends and geographical variation of first
time hospitalization for LRD among children in Stockholm County, Sweden.

Data on first time admittance for LRD among children aged up to 5 yrs from 1973
through 1992 were obtained from the Stockholm County Council hospital discharge
register, and population register data were used for estimation of the population at
risk. Municipal data were available for 1982–1992 on outbreaks of respiratory syncy-
tial virus (RSV) infections and socio-economic factors.

A total of 12,450 children had been hospitalized for the first time with LRD. For
children aged <2 yrs a 100% increase in the rate of first time hospitalization for LRD
was observed during the study period and children aged up to 1 yr predominated
(50%). The average yearly increase in the population based first time hospital admis-
sion rate for LRD was 1.82%. Males constituted 65% of the cases. Of the diagnoses,
89.6% were consistent with obstructive LRD, e.g. asthma and obstructive bronchitis.
In children aged up to 1 yr, peaks in the rate of hospitalization tended to coincide with
outbreaks of RSV infections. Differences in hospitalization between municipalities
seemed to be partly explained by differences in the admission practices of the four
paediatric hospitals in the area.

We conclude that the increased rate of hospitalization for lower respiratory disease
in infants of Stockholm County may reflect a true increase in the incidence of ob-
structive respiratory disease. However, several factors determine admittance to hospi-
tal and the results need to be interpreted with caution.
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During the observation period, 12,450 children aged <5
yrs were admitted for the first time for LRD at any of the
hospitals of Stockholm county (table 1). The four chil-
dren's hospitals within the county had 97.7% of the ad-
mittances for LRD.

The county of Stockholm has 25 municipalities and
from 1982 data were available on a municipal level. Dur-
ing 1982–1992, 87 of the children hospitalized for LRD
had resided outside Stockholm and residential data were
missing for another 213 children. These 300 children (4%)
were excluded from analyses of municipal data. Data on
average income, population density, educational level and
number of immigrants were obtained for each municipa-
lity. The Swedish Institute for Infectious Disease Control
provided information on epidemic outbreaks of respiratory
infections caused by RSV. Data on number of available
beds and duration of each admission were collected from
the Stockholm County Council regarding the four chil-
dren's hospitals in Stockholm during the period 1982–
1992. A total of 101,530 children aged <5 yrs had been
hospitalized at any of these hospitals during the relevant
period and 11,160 of the children hospitalized for LRD of
which 7,205 admissions were for the first time.

The relative risk (RR) of first time hospitalization for
LRD in the population of children aged <5 yrs living in
Stockholm County was calculated in relation to gender,
age, calendar year and municipality using the rate for
females, children aged <1 yr, 1973 and the municipality of
Stockholm City as reference. Analyses were performed
with the GLIM statistical package (Royal Statistical Soci-
ety, London, UK) [23]. Maximum-likelihood estimates
of the RR were obtained by the multiplicative Poisson
model [24]. For analysis of the time trend, this model
takes into account changes in the age (by five age catego-
ries 0, 1, 2 3, and 4 yrs) and gender distribution during the
study period. The comparisons of catchment areas were
adjusted for calendar year in addition to age by 1 yr age
groups and gender. The standard deviations of the RR
estimates were used for determination of the 95% confi-
dence interval (95% CI).

Results

Fluctuations of the hospitalization rate for LRD in chil-
dren aged <5 yrs were seen during the study period, but
there seemed to be an overall increase during this period.

The average increase per year was 1.82% (95% CI 1.52–
2.12%) (fig. 1). The relative risk of LRD among boys com-
pared to girls was 1.65 (1.60–1.70). Furthermore, a pro-
nounced decrease in risk for hospitalization was seen with
increasing age. Using the age group 0–1 yrs as reference
the RR values were 0.55 (0.53–0.57), 0.26 (0.25–0.27),
0.14 (0.13–0.15) and 0.1 (0.09–0.11) in the age categories
1–2, 2–3, 3–4 and 4–5 yrs, respectively. Adding lower res-
piratory diseases without diagnosed pulmonary obstruction
increased the study material by 10.4%, and this proportion
tended to decrease at the end of the study period.

 Some peaks in hospitalization rate in the younger age
groups coincide with outbreaks of RSV infections (fig. 2).
The increasing time-trend was evident especially for the
younger children. For children aged <1 yr, the overall in-
crease was 100% during the observation period. From
1982–1992 the most pronounced gradual increase of first
time admittance for LRD was observed. During 1982–
1987 an increase of the re-admission rate for LRD was
observed, but this rate tended to decrease during the last 5
yrs of the study period, in spite of the rise in first time
admissions (fig. 3).

Table 1.  –  Number of children aged 0–4 yrs admitted to
hospital for the first time due to lower respiratory disease
in Stockholm County during 1973–1992

Age  yrs
0 1 2 3 4 0–4

1973–1981
Boys  n
Girls  n
Total  n

1982–1992
Boys  n
Girls  n
Total  n

1973–1992
Boys  n
Girls  n
Total  n

1505
854

2359

2434
1388
3822

3939
2242
6181

855
496

1351

1283
710

1993

2138
1206
3344

404
240
644

569
321
890

973
561

1534

228
138
366

301
154
455

529
292
821

190
122
312

158
100
258

348
222
570

3182
1850
5032

4754
2673
7418

7927
4523

12450
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Fig. 2.  –  Rate of first time admittance for lower respiratory disease in
children aged 0–4 yrs, during 1973–1992, in Stockholm County. The
arrows indicate years with epidemic outbreaks of respiratory syncytial
virus.    : children aged <1 yr; ■ : 1–2 yrs; ∆ : 2–3 yrs; ● : 3–4 yrs;    : 4–
5 yrs.
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Fig. 1.  –  Relative risk of first time hospital admittance for lower respi-
ratory disease (LRD) among children aged 0–4 yrs of age during 1973–
1992 in Stockholm County. The year 1973 was used as the reference
value (- - - -).
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During 1982 and 1992 the rates of first time hospita-
lization for LRD differed between the 25 municipalities
in Stockholm County (fig. 4). In municipalities belonging
to the referral area of two of the four paediatric clinics
(Department of Pediatrics at Huddinge and Danderyd
Hospitals), an increased rate of first time hospitalization
for LRD was found during the study period, but this was
not seen in the areas served by the other two hospitals. No
association was found at municipal level between the rate
of admittance of LRD and average income, residential
density, educational level or number of immigrants.

From 1982 to 1992 the total number of admissions per
1,000 children, excluding admissions for LRD, decreased
by 30% at the four children's hospitals (data not shown).
The number of available beds decreased by an average of
about 15% during this period. Furthermore, there was a

reduction of the mean duration of hospitalization, which
was noted especially for children aged <1 yr. In this age
group the mean duration of hospitalization decreased from
4.6 to 2.7 days (41%). However, despite differences in
accessibility of beds between the four paediatric hospitals,
the time trend of first time hospitalization for LRD was
consistent during the entire study period.

Discussion

In this survey we studied first time admittance for
asthma, bronchitis and viral pneumonia in young children,
as there is no clear distinction between the conditions, in
particular among infants aged <2 yrs. During the study
period of 20 yrs there was a 40% increase in the popula-
tion based hospitalization rate for LRD in children aged
<5 yrs with a marked increase (100%) in the youngest
age group. However, among the children aged 2–4 yrs no
increase of first time admittance for LRD was observed.
Children aged <2 yrs predominated, which has also been
described by others [5].

During recent decades a marked increase of hospitali-
zation for asthma in infants has been reported from other
countries [3]. In a study from the South West Thames
Region, UK, admissions for childhood asthma increased
by 186% during 1978–1985 among children aged up to 5
yrs [4]. In a study from Norway with data from the 1980s
a more than twofold increase in the hospitalization rate
was recorded for children aged <3 yrs [5]. The observed
increase in first time admission observed in our study
should be compared to a total decrease of admissions (in-
cluding re-admissions) for asthma and obstructive bron-
chitis as reported by others in Sweden [25, 26]. In these
studies no distinction was made between first time hospi-
talization and re-admission [4, 5]. Furthermore, the results
from these studies were not adjusted for population den-
sity in each age strata and gender. Our data showing a
gradual increase in first time admissions and a decrease of
re-admissions for LRD seen after 1987, correspond with
those of others who report that admissions to hospital of
children with asthma may have reached a plateau or even
fallen [5, 6, 25, 26]. The decrease of re-admissions for
childhood asthma reported from Sweden is in agreement
with our data indicating a decrease of re-admissions after
1987 for LRD and has been suggested to reflect changes
in medical care and utilization of services [7, 26]. Our
results are likely to reflect a true increase, as both re-
admissions for LRD and total admissions to hospital for
paediatric internal diseases decreased during the latter part
of the study period, with the most pronounced increase
being in first time admissions for LRD.

In children aged <3 yrs, LRD is often caused by viral
infections [2, 9]. In our study a coincidence was observed
between epidemic outbreaks of RSV infections and first
time hospitalization for LRD in this age group. An increa-
sed incidence of RSV bronchiolitis could have contribut-
ed to the overall time trend of first time hospitalization for
LRD during the study period. However, data are not avai-
lable for detailed assessment of the RSV-positive cases.
Breast-feeding has been reported to provide some pro-
tection against obstructive disease in childhood [19–21].
On the other hand, exposure of environmental tobacco
smoke seems to increase the risk [14]. During 1983–1991
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Fig. 3.  –  Population based hospital admission rate for lower respiratory
disease (LRD) during 1982–1992 among children aged <5 yrs in Stock-
holm County. ■ : total rate of hospitalization for LRD;    : first-time hos-
pitalization for LRD;     : re-hospitalization for LRD.
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Fig. 4.  –  Relative risks of first time admittance for lower respiratory
disease in children in relation to municipality and catchment area of the
four children's hospitals in Stockholm County. The Stockholm inner
city municipality constitutes the reference category as children in this
district can be admitted to either of the four children's hospitals in
Stockholm county. Values are mean±95% confidence interval. Sachs.:
Sasska.
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reported breast-feeding in Stockholm County of babies
aged up to 4 months increased from 65 to 74% (unpub-
lished data, Child Health Centres of Stockholm County
Council) with a simultaneous drop in reported smoking
among pregnant women from 32 to 24% (unpublished
data, Swedish Medical Birth Register). These trends in
breast-feeding and smoking habits among pregnant wo-
men were not reflected in the trend of hospitalization for
LRD, which indicates that other risk factors are also
involved.

The increasing rate of first time hospitalization for LRD
was confined to the youngest age groups. The absence of
an increase among the children aged 2–4 yrs may have
several explanations, including changes in utilization of
health services over time [6] and, changes in pharmacolo-
gical treatment plans [27], such as extended use of in-
haled steroids [6], factors that may all reduce the severity
of pulmonary obstructive disease. In accordance with in-
ternational treatment guidelines, children aged <2 yrs are
rarely given regular treatment with inhaled steroids at the
onset of pulmonary obstructive disease. The decrease in
re-admissions seen after 1987 may be explained by the
extended use of anti-inflammatory treatment, i.e. inhaled
steroids, that has been reported by others [25, 26]. Chan-
ges in doctors' attitude towards diagnosis and treatment
of the disorder and parents' attitudes towards their chil-
dren's health may also affect the admission rate. However,
this was not assessed in the present study.

The increase in the hospitalization rate seen especially
after 1987 could have several explanations [6]. The change
of the ICD codes in 1987 may have influenced the hospi-
talization rate during the following years, but probably did
not affect the further increase seen in 1990–1992. The pri-
mary health care services in Sweden expanded during the
1980s. This coincides with a 15% reduction in the number
of beds at the paediatric clinics (official data, Stockholm
County Council) and a simultaneous reduction of patient
days as well as a marked reduction in total paediatric ad-
missions. Overall, the accessibility for hospitalization may
have changed and this could have contributed to the dec-
rease in hospitalization at the beginning of the 1980s, but
it does not explain the increase thereafter.

At two of the hospitals, the rate of first time hospitaliza-
tion for LRD was higher than in the other two. Hypothe-
tically, this may be explained by differences in priorities
of hospitalization of children at first time of admittance
for LRD or by regional differences in incidence. However,
a similar increase of the hospitalization rate for LRD oc-
curred at all four children's hospitals within Stockholm
County during the study period. In-patient capacity may
also have been a major factor as the two hospitals with the
highest rates of first time admission for LRD experienced
smaller reductions in the number of beds than the other
two clinics. The in-patient days for asthma and obstructive
bronchitis decreased during the study period, which may
indicate that the severity of LRD has decreased and/or
that medical therapy improved. It would have been inter-
esting to follow children admitted to the emergency ward
but not hospitalized, and compare them with the child-
ren hospitalized for LRD. This was not possible as only
the hospitalized children were registered. During hospital-
ization, pharmacological treatment can be individualiz-
ed, information and instructions given on drug inhalation
techniques, written medication plan distributed and the

importance of irritant and allergen avoidance mentioned
[28]. All these issues are critical for the prognosis of chil-
dren with obstructive LRD, as wheezing and RSV bron-
chiolitis in early childhood increases the risk for asthma
later in life [2, 29].

In conclusion, we studied first time population based
hospitalization for lower respiratory disease, including pul-
monary obstructive respiratory disease, in children aged <5
yrs. During the study period of 20 yrs there was an average
yearly increase in the hospitalization rate of 1.82%, with
a concomitant decrease of re-admissions during the last 5
yrs of the study period. The increase in hospitalization rate
was primarily attributable to children aged up to 3 yrs.
Peaks in hospitalization seemed to coincide with outbreaks
of respiratory syncytial virus infections and boys were
hospitalized more often than girls. Several factors besi-
des incidence may influence the hospitalization rate for
lower respiratory disease, such as changes in severity, me-
dical guidelines, access to hospital care, in-patient capac-
ity,  hospital policy, attitude of doctors towards diagnosis
and treatment, expansion of primary health care and atti-
tudes of parents towards their children. The use of admit-
tance  for obstructive lower respiratory disease, even when
restricted to first time admittance, as a surrogate for the
incidence of asthma needs to be questioned, especially in
young children.
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